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Abstract: During the production process, production companies need to monitor the finished 
products and ensure their quality, which imposes on them the appointment of inspectors for auditing, 
and this appointment costs the company amounts that affect the general profit, so it strives to make 
this cost as low as possible and that the audit process is carried out with high accuracy because in 
case that the finished products do not conform to the basic specifications of the product, the company 
is required to pay a fine. In this research, we will formulate the text of the problem appropriately 
for such a case and then we will build the appropriate mathematical model through which we can 
obtain the lowest possible cost of inspection, and we will present the study using classical values and 
neutrosophic values, and we will demonstrate them through an example that shows us the difference 
between them. 
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1. Introduction 


Since the genesis of the science of operations research, it has been providing solutions to the 
problems faced by companies through studies presented by scientists and researchers in all fields 
using the methods of this science, in this research we will use the method of linear programming to 
build a mathematical model that enables us to ensure the quality of products using inspectors and at 
the lowest possible cost where we will formulate the appropriate issue for that and build the 
mathematical model that by finding the optimal solution to it and using the methods of solution 
provided by the science of operations research we get on the lowest cost of inspection and high- 
quality products, where the matter will be displayed 
First : Using classical values based on references [1,2,3] 

Second: Neutrosophic values based on what researchers and those interested in this science have 
presented and developed through studies and research that have been published in references [4, 16] 
Discussion: 

1- Studying using classical values: 

Formulating the problem and building the mathematical model: 

Text of the issue: Through the available information about the functioning of companies, we can 


develop the following text: 
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The company has a rank for inspectors and wants to assign the task of quality control to them, and a 
piece of product should be audited daily during an hour of work per day, in the following table we 
explain the full information about the inspectors and for all mattresses nKS. 


Table 1. Information on inspectors using classical values. 


About the Number | Accuracy Inspector's Number The fine paid 
Inspector of pieces | (percent) remuneration of by the company 
Inspector rank checked (Monetary Unit | inspectors | for each fault to 
(hour) per Hour ) the inspector 
1 M, D, Gi A, R 
2 M, D, Gs A> R 
n M, Dn G. An R 


Required: Formulate the appropriate mathematical model through which we can assign the optimal 
assignment to the inspectors so that the cost of inspection is as low as possible. 
Building the Mathematical Model: 
To build the mathematical model, we impose the number of inspectors of each rank on the order 
assigned to the inspection task, then the following inequality must be met: 

X1,%2,— — — — Xn 

4 SA; 3 f=1,2,-—n 

Since the company needs to audit K piece daily within S$ working hour per day, the following set 
of restrictions must be met: 


SM,x; > K 


Ms: 


1 


i 


To obtain the target follower we note that the company bears two types of costs during the inspection 
process, the inspector's wage and the fine corresponding to the error committed by the inspector to 
write the target follower note the following: 

The cost of the inspector from rank j hourly salary is calculated through the following relationship 
100 —D; 


) ; Jj=12,--—-—,n 


The total costs for all inspectors assigned to the task of quality control per hour shall be given by the 


following relationship: 
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From the above, we can develop the following mathematical model: 
We want to find the smallest possible value for the function: 
n 
100 —D; : 
j=l 


Within Restrictions 


xj SA; 3 f=l2,—-,n 


n 
me SM,x; = K 
ja 


xj 20 ; J=12,----n 
Example: 
The company has three ranks for inspectors and wants to assign the task of quality control to them, 
and 1500piece should be audited daily during 8working hours per day, in the following table we 
explain the full information about the inspectors and for all mattresses. 


Table 2. Information on inspectors using classical values. 


About the Number of | Accuracy Inspector's Number The fine paid 
Inspector pieces (percent) remuneration of by the company 
Inspector rank checked (Monetary Unit | inspector | for each fault to 
(hour) per Hour ) s the inspector 
1 15 95 4 10 2 
2 10 90 3 6 2 
3 25 98 5 8 2 


Required : Formulate the appropriate mathematical model through which we can assign the optimal 
assignment to the inspectors so that the cost of inspection is as low as possible 
To build the mathematical model, we impose the number of inspectors from the three ranks in the 
order assigned to the inspection task, then the following in equations must be fulfilled. xx, x3 

x, < 10 

X2 <6 
8 


Since the company needs to audit 1500 pieces daily during 8working hours a day, the following set 


IA 


x3 
of restrictions must be met: 
n 
> 8M,x; = 1500 
j=1 
That is 
8(M,x, + M,x, + M3x3) = 1500 


From it we get the following restriction: 
120x, + 80x, + 200x3 > 1500 
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To obtain the target function, we note that the company bears two types of costs during the inspection 
process, the inspector's fee and the fine corresponding to the error committed by the inspector for 
each piece then the target function will be written as follows: 
Then the cost of the inspector’s hourly salary from rank j is calculated through the following 
relationship : 
100 — D, 


) ; J/=1,2,--—-,n 


From them we get 


C=4415x2x(O™) 255 
“= 100 ee 
G=3+10x2x(—) = 
ars 100 / 
C=5+25x2x(— 7) = 
oS 100 / 


The total costs for all inspectors assigned to the task of quality control per hour shall be given by the 


following relationship: 


We substitute the values available to us and we get: 
TCG = 5.5X4 + 5X2 + 6X3 
substituting the following target phrase: 


100 —D; 
z=s) Gg + MR, ( 100 ) 0 
j=1 


We get: 
Z = 44x, + 40x, + 48x; 
From the above, we can develop the following mathematical model: 
We want to find : 
MinZ = 44x, + 40x, + 48x; 
Within Restrictions 


X26 


x3 <5 8 
120x, + 80x, + 200x3 > 1500 
we 0s fea73 
To obtain the optimal solution, we use the simplex method, which is sufficiently explained in the 
references [1,2,3] 
2- Formulation of the problem and the construction of mathematical model according to 


neutrosophic values: 
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The study concluded in the research [12] shows us how to construct neutrosophic linear models, 
(the linear model is a neutrosophic model if at least one of the likes of variables in the target 
function or neutrosophic value constraints) 

The text of the issue: 

The company has n rank for inspectors and wants to assign the task of quality control to them, and 
K pieces should be audited daily during an S hour of work per day, in the following table we explain 
the full information about the inspectors and for all ranks: 


Table 3. Information on inspectors using neutrosophic values 


About the Number of | Accuracy Inspector's Number | The fine paid 
Inspector pieces (percent) remuneration of by the company 
Inspector rank checked (Monetary Unit | inspector | for each fault to 
(hour) per Hour ) s the inspector 
1 NM, ND, Gy Ay R 
2 NM, ND, res A> R 
n NM,, NDy Ge An R 


The number of pieces is aneutrosophic valueNM; = M; + € where ¢ is the indeterminacy on the 
number of pieces, it can take one of the shapes [Aja Aj2| or {Aj Ajo}or any value close to M; as well 
as the precision, neutrosophic values ND; = D; + 6; where 6; is the indeterminacy on the precision 
that can take one of the shapes [u jl j2| or {u jl jo} or any value close to Dj. 
Required: Formulate the appropriate mathematical model through which we can assign the optimal 
support to the inspectors so that the cost of inspection is as low as possible 
Building the neutrosophic mathematical model: 
To build the mathematical model, we impose x,,x,,— — ——,x, the number of inspectors of each rank 
on the order assigned to the inspection task, then the following inequality must be met: 

“SA; ; f=1,2,-—,n 
Since the company needs to audit K piece daily within S working hour per day, the following set of 


restrictions must be met: 


n 
>: S(NM))x) = K 
j=l 
To obtain the target function, we note that the company bears two types of costs during the inspection 
process, the inspector's fee and the fine corresponding to the error committed by the inspector for 


each piece then the target follower writes as follows: 


: 100 — ND, 


j=l 


Then the mathematical model is written as follows: 
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. 100 — ND; 
j=t 
Within Restrictions 
xj < 4A; i; J = 1,2,-—-,n 


>: S(NM))x) = K 
j=l 

xj 20; j=1,2,----n 
Example 1: 
A company has three ranks for inspectors and wants to assign the task of quality control to them, and 
1500 pieces should be audited daily during 8 working hours per day, in the following table we 
explain the full information about the inspectors and for all ranks, in this example we will take the 
number of pieces checked by the inspectors from each rank as neutrosophic values 


Table 4. Information on inspectors using neutrosophic values. 


Number of Inspector's Number | The fine paid 
About the : . 
pieces Accuracy remuneration of by the company 
Inspector . , 
checked (percent) | (Monetary Unit | inspector | for each fault to 
Inspector rank : 
(hour) per Hour ) s the inspector 
i! {15,16} 95 4 10 2 
2 {10,11} 90 3 2 
3 {25,26} 98 5 8 2 


Required : Formulate the appropriate mathematical model through which we can assign the optimal 
assignment to the inspectors so that the cost of inspection is as low as possible 
To build the mathematical model, we impose %1,x2,x3 as the number of inspectors from the three 
ranks in the order assigned to the inspection task, then the following inequality must be met: 

x, < 10 
6 
8 


Since the company needs to audit K pieces daily within S working hour per day, the following set 


IA 


x2 


IA 


x3 
of restrictions must be met: 


n 
>: 8M;x; = 1500 
jal 


That is 
8(M,x, + Mjx2 + M3x3) = 1500 
From it we get the following restriction: 
8{15,16}x, + 8{10,11}x, + 8{25,26}x, => 1500 
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To obtain the target function, we note that the company bears two types of costs during the inspection 
process, the inspector's fee and the fine corresponding to the error committed by the inspector for 
each piece then the target follower writes as follows: 

Then the cost of the inspector is calculated from j the hourly rank through the following 
relationship: 

100 — D; 


‘) , j=1,2,--—-,n 


From that we get 


100 — 95 
C, = 4+ (15,16} x 2x (—) a(S 56} 
100 
c =34 {1011} x2x (>) = (5,5.2} 
a= : 1 
100 — 98 
C3 =5+ {25,26} x2x (——] = {6,6.04} 


The total costs for all inspectors assigned to the task of quality control per hour shall be given by the 


following relationship: 


r=) [ome (or) 


TC = (5.5,5.6}x, + {5,5.2}x, + (6,6.04}x, 
substituting the following target phrase: 


Z= ys + MR; we a 
(50 si 


We get: 
Z = {44,44.8}x, + {40,41,6}x, + {48,48.32}x3 
From the above, we can develop the following mathematical model: 
We want to find: 
MinZ = {44,44.8}x, + {40,41,6}x, + {48,48.32}x, 
Within Restrictions 


X26 


x35 8 
8{15,16}x, + 8{10,11}x, + 8{25,26}x3 > 1500 
C50 7 7 = 23 

Example 2: 

A company has three ranks for inspectors and wants to assign the task of quality control to them, and 
1500 pieces should be checked daily during 8working hours per day, in the following table we 
explain the full information about inspectors and for all ranks, in this example we will take the 
accuracy of inspection for each inspector as neutrosophic values in the form of areas whose minimum 


range is less accurate and the highest range is the highest accuracy that the inspector reaches by rank. 
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Table 5. Information on inspectors using neutrosophic values. 


Number of Inspector's Number | The fine paid 
About the . : 
pieces Accuracy remuneration of by the company 
Inspector ; . 
checked (percent) (monetary unit | inspecto | for each fault to 
Inspector rank . 
(hour) per hour) rs the inspector 
1 15 [95,97] 4 10 2 
2 10 [90,92] 3 6 2 
3 25 [98,99.5] 5 8 2 


Required : Formulate the appropriate mathematical model through which we can assign the optimal 
assignment to the inspectors so that the cost of inspection is as low as possible. 
To build the mathematical model, we impose x;,x2,x3 the number of inspectors from the three ranks 
in the order assigned to the inspection task, then the following inequality must be met: 

x, < 10 

Xo < 6 

x35 8 
Since the company needs to audit K pieces daily within S working hour per day, the following set 


of restrictions must be met: 


n 
» 8M,x; => 1500 
j=l 


That is 
8(M,x, + Mox> + M3x3) > 1500 
From it, we get the following entry: 
120x, + 80x, + 200x3 > 1500 
To obtain the target function, we note that the company bears two types of costs during the inspection 
process, the inspector's fee and the fine corresponding to the error committed by the inspector for 
each piece then the target follower writes as follows: 


Then the cost of the inspector is calculated from j the hourly rank through the following 


relationship: 
100—ND;\ 
From that we get 
a Sasa en [4.9,5.5] 
= 100 OB fat 
Te Oe (each [4.65] 
oi 100 yee 
100 — [98,99.5] 
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The total costs for all inspectors assigned to the task of quality control per hour shall be given by the 


following relationship: 


. 100 — ND; 


j=l 


TC; = [4.9,5.5]x, + [4.6,5]x2 + [5.25,6]x3 
Substituting the following target phrase: 


Z=S . RO Fp ee 
2 Z| pares i( 100 ))s 
We get: 
Z = [39.2,44]x, + [36.8,40]x, + [42,48]x; 
From the above, we can develop the following mathematical model: 
We want to find: 
MinZ = [39.2,44]x, + [36.8,40]x, + [42,48]x; 
Within Restrictions 
x, <= 10 


X26 


x35 8 
120x, + 80x, + 200x; > 1500 
SOY) S123 
In the two examples, and two for the optimal solution we use the neutrosophic simplex method 


sufficiently explained in the reference [13]. 


2. Conclusion and Results 


Through the previous study, we note that by using the linear programming method, we can 
provide the optimal solution to most of the problems that can face the production companies by 
formulating the situation under treatment with an issue that can be converted into a linear model by 
solving it using the ideal solution for it, the company achieves the highest profit, and in order to 
obtain solutions that enjoy a margin of freedom, the concepts of neutrosophic science can be used 
because the indeterminacy enjoyed by the neutrosophic values can be responsible for managing the 
company and developing alternative plans that suit all working conditions. 
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